We present a careful and detailed light curve analysis of publicly available I-band data on fundamental mode RR Lyrae (RRab) stars of the Large Magellanic Cloud (LMC) obtained by the Optical Gravitational Lensing Experiment (OGLE) phase-III project. Using the Fourier parameters of 13, 095 RRab stars, metallicities and absolute magnitudes of individual stars are obtained. The representation of stars on the P − φ V 31 plane shows the existence of three significant metallicity groups with mean metallicities as −1.20 ± 0.12 dex, −1.57 ± 0.10 dex and −1.89 ± 0.09 dex. The corresponding absolute magnitudes of these three groups are obtained as 0.70 ± 0.08 mag, 0.59 ± 0.06 mag and 0.49 ± 0.08 mag, respectively. Distribution of these three groups as a function of vertical |z| distance indicates that the formation of the LMC disk predates the formation of the inner halo. Issue of the existence of a metallicity gradient as a function of galactocentric distances has also been addressed.
INTRODUCTION
The presence of old stellar populations like the pulsating RR Lyrae (RRL) stars, identified and characterized in large numbers in the LMC by recent automated surveys such as OGLE, serve as an invaluable tool to unlock the secret of the galaxy. The core helium burning pulsating RRL stars are excellent standard candles to estimate the Galactic and extragalactic distances and obey well defined luminositymetallicity and period-luminosity-metallicity relations in optical and near infrared photometric bands (Butler 2003; Catelan et al. 2004; Sollima et al. 2006; Cáceres & Catelan 2008; Klein et al. 2011 ). In the V -band, the brightness of a RRL star is nearly standard with a slight metallicity dependence (Klein et al. 2011) . They can be easily identified by their distinctive light curves. The presence of RRL stars in globular clusters facilitates the estimation of their ages and, hence, helps constrain the lower bound on the age of the Universe (Clementini 2010; de Grijs 2011; Majaess et al. 2012 ). The RRL stars are being used to determine the cosmological distance scale, the interstellar extinction along ⋆ E-mail: sukantodeb@gmail.com the line of sight and to create a three dimensional map of different galaxies (Subramanian & Subramaniam 2012; ).
The LMC serves as an important target in the calibration of cosmic distance scale because of its proximity and low inclination angle. This galaxy hosts a statistically large sample of 'standard candles' which includes RRL, Cepheids and Red Clump giant stars. The accurate distance determination to the LMC plays a significant role in constraining the value of the Hubble constant H0 (Schaefer 2008; de Grijs 2011; Riess et al. 2011) . The distance measurement to the LMC has revolutionized our understanding of the distance scale of the Universe and supported the evidence for the expansion of the Universe (Challouf et al. 2012) . The unique location of the LMC along with the abundance of various types of 'standard candles' allows us to compare and calibrate a large sample of distance indicators, which in turn can be utilized for more distant objects (de Grijs 2011) .
Generally, the distances can be measured more accurately from the binary star light curve modelling using the combined photometric and spectroscopic data (Vilardell et al. 2010; Deb & Singh 2011; Challouf et al. 2012 ; Pietrzyski et al. 2013) . Recently, using the surface-brightness/color relation of the components of eight binary systems in the LMC, the angular sizes of the components were combined with their linear dimensions obtained from the light curve modeling to obtain the distance modulus of the LMC as (m − M )0 = 18.493 ± 0.008(statistical) ± 0.047(systematic) mag (Pietrzyski et al. 2013 ). This corresponds to a distance of 49.97 ± 0.19(statistical) ± 1.11(systematic) kpc, accurate to 2%. Most of the systems were located near the center of the LMC and situated along the line of nodes (Pietrzyski et al. 2013) .
The LMC is a late type disk galaxy seen nearly faceon with enormous amount of gas, dust and inhabits sites for active star formation. There is a spectacular evidence of onging interactions with both the Milky Way and the Small Magellanic Cloud (Lin et al. 1995; Westerlund 1997; . The depth of the LMC is a few kpc along the line of sight. The geometry and orientation of the disk galaxy such as LMC has been the subject of numerous studies through the use of different tracers. The issue of the LMC geometry has major implications. Until the last decade, our understanding of the LMC was shallow due to the small number of tracers and availability of the data with limited spatial coverage (van der Marel & Cioni 2001; Weinberg & Nikolaev 2001; Subramaniam 2003; Nikolaev et al. 2004; Subramaniam & Subramanian 2009; Cioni 2009; . The LMC has been the best astrophysical laboratory for studies of various stellar populations, interstellar matter, starformation processes and the galactic structure at large (Fukui & Kawamura 2010; Glatt et al. 2010) .
The OGLE database has become a valuable resource for studying the properties of variable stars as it contains a pool of light curve data of a variety of variables present in our Galaxy as well as the nearby satellite galaxies, viz., the LMC and the SMC (Small Magellanic Cloud). The present paper attempts to use the wealth of RRL data of LMC from the OGLE-III catalog in order to unravel the various chemical and structural properties of this galaxy. A proper and systematic light curve analysis of the LMC RRab stars has been carried out in order to comprehend the metallicity and distance distribution of these tracers. These parameters along with the others have been utilized in deciphering the structure of the LMC. The independent analysis based on the RRab stars done in this paper will serve as a source to compare and correlate with the determinations of structural parameters of the LMC, such as inclination (i) and position angle of the line of nodes (θ lon ), derived from other studies using different tracers and methodologies.
In order to make the OGLE data more useful, we have cleaned the phased light curves using 2σ clipping. The clean phased light curves were then Fourier decomposed in order to determine the various parameters and their associated errors. This paper will, thus, serve as a supplementary and advanced version of the OGLE catalog of the LMC RRab stars, in which all the useful Fourier parameters are provided.
The Fourier parameters determined from the light curves of RRab stars are useful for distance determinations and metal abundance of the galaxy in which they are present. The past research has proved that the shape of a RRL light curve can be described in terms of the Fourier parameters that can be linked with the physical parameters such as mass (M ), radius (R), and luminosity (L) of the star. They can also be linked to the other atmospheric parameters, such as metallicity ([F e/H]), effective temperature (T ef f ) and surface gravity (log g) of the RRL stars Jurcsik 1998; Kovacs & Kanbur 1998; Kovács & Walker 2001) . Nevertheless, it has also been shown by Cacciari et al. (2005) that the intrinsic colors derived from Fourier coefficients show discrepancies with the observed ones, and hence the resulting temperatures and temperature-related parameters are unreliable.
The paper is organized as follows. In section 2, we describe the sample of RRab stars in the OGLE-III LMC database (Soszyński et al. 2009, hereafter, SZ09) . The Fourier decomposition method as applied to the RRab light curves in the I-band and the sample selection criteria are described in section 3. Section 4 describes the determination of metallicities and absolute magnitudes of the RRab stars using the calibration relations between I and V -bands and then using the resulting V -band parameters in the empirical relations from the literature. Distance determination to individual RRab stars of the LMC using the intensity weighted mean magnitudes, the absolute magnitudes and the interstellar extinction has also been discussed. In section 5, we describe the determination of the structural parameters of the LMC by plane fitting procedure and principal axes transformation method using the moment of inertia tensor constructed from the projected three dimensional Cartesian coordinates of RRab stars. Dependence of the geometrical parameters on the choice of the LMC center is discussed. Comparison with other studies in the literature is provided. Section 6 discusses the issue of metallicity gradient in the LMC as a function of galactocentric distance (RGC ) using the metallicity values obtained from four different empirical relations available in the literature. Finally, in section 7, the summary and the conclusions of the present study are laid down.
THE DATA
We selected RRab stars from OGLE-III catalog that consists of 8-year archival data identified and characterized by the Fourier coefficients of the light curves (SZ09). The catalog contains 17, 693 RRab stars having a mean period of < P ab >= 0.576 days. The OGLE field in the LMC covers nearly 40 deg 2 . Most of the observations were carried out using the Cousins I-band filter with exposure time of 180s having an average of 400 photometric observations. The catalog also contains V -band light curves of 17, 337 stars having an average of 30 data points per light curve. The color (< V > − < I >)-magnitude (< I >) diagram for 17, 337 stars is shown in Fig. 1 , where < V > and < I > are the intensity weighted mean magnitudes in the V and I-band, respectively and are obtained from the Fourier fitted light curves. Fig. 2 shows the plot of reddening free Wesenheit index (WV Ic ) as a function of pulsation period (P ) of the 17, 337 RRab stars, where WV Ic is defined as WV Ic =< I > −1.55(< V > − < I >) (Soszynski et al. 2003) . Also overplotted on the data points is the fit from the empirical relation (Soszynski et al. 2003) WV Ic = (−2.75 ± 0.04) log P + (17.217 ± 0.008).
(1) Figure 2. Wesenheit index (W V Ic ) as a function of pulsation period (P ) of the 17, 337 LMC RRab stars which have both I and V -band light curves available in the OGLE-III catalog. Solid line represents the fit to the observed data points from the empirical relation of Soszynski et al. (2003) as given by Eqn. 1.
The empirical slope of the function is consistent with that predicted by models (Di Criscienzo et al. 2004) . For the analysis of light curves of RRab stars, we have selected the I-band data as they contain relatively larger number of data points per light curve as compared to corresponding V -band light curves. The OGLE-III light curve data of the LMC central region are further supplemented by the OGLE II data collected between 1997 and 2000 using the same telescope set up. The catalog contains intensity I and V -band mean magnitudes, periods and their uncertainties in days, epochs of maximum light, peak-to-peak I-band magnitudes and the Fourier parameters R21, Φ21, R31 and Φ31 derived from the I-band light curves.
FOURIER DECOMPOSITION METHOD AND SAMPLE SELECTION
The Fourier decomposition method described below was used to obtain various light curve parameters of the LMC RRab stars. The light curves were fitted with a Fourier cosine series of the form
where m(t) is the observed magnitude, A0 is the mean magnitude, ω=2π/P is the angular frequency, P is the period of the star in days and t is the time of observation. The epoch of maximum light t0 is used to obtain a phased light curve which has maximum light at phase zero. Ai's and φi's are the ith order Fourier coefficients and N is the order of the fit. Eqn. 2 has 2N + 1 unknown parameters. To solve for these parameters, we require at least the same number of data points. The light curves were phased using
The pulsation periods (P ) and the t0 values are taken from the OGLE catalog. An automated code was developed using the MPFIT package in IDL to obtain various Fourier parameters on the right hand side of Eqn. 2 (Deb & Singh 2010) . A seventh order Fourier fit was employed to model the RRab I-band light curves. The Fourier fitted I-band light curves of a sample of RRab stars are shown in Fig. 3 . The phase differences, φi1 = φi − iφ1 and amplitude ratios, Ri1 = (Ai/A1), i > 1 were evaluated and standard errors were determined using the formulae of Deb & Singh (2010) . In order to have a clean sample of RRab stars for the present analysis, we have used the selection criteria based on OGLE-determined periods, the mean magnitude (A0) and the peak-to-peak I-band amplitude (AI ) determined from the Fourier analysis of the cleaned phased light curves. We chose RRab stars with period P 0.4 days, mean magnitude A0 17 mag and amplitude 0.1 AI 1.2 mag. These selection criteria were applied in order to exclude the RRc stars and the high amplitude δ Scuti stars that may have been misclassified as RRab stars, thus ensuring a reliable sample of RRab stars for the present analysis. The application of these selection criteria reduces the number of RRab stars in the I-band light curves to 17, 092. The period-amplitude diagram for the complete and the selected sample of 17, 092 RRab stars is shown in Fig. 4 . In order to select the 'normal-looking' RRab stars out of 17, 092 stars, the application of the compatibility test of further reduces the number of stars to 13, 095. These 13, 095 stars were retained for the physical parameter estimation and determination of the structure of the LMC in the present study. The equatorial coordinates (α, δ) of the selected sample of 13, 095 RRab stars are shown in Fig. 5 . The centroid of the final sample is (α0, δ0) = (80
• .35, −69
• .65) and is shown as a filled circle in the figure. The Fourier pa- and is discussed in section 4.1.
rameters obtained from the Fourier decomposition method are listed in Tables 1 and 2 , respectively.
In order to make a comparison of the parameters obtained in the present study with those given in the OGLE-III catalog, scatter plots of the Fourier amplitudes R21, R31 and the phase parameters φ21, φ31 are shown in Fig. 6 . For the I-band data under consideration, the Fourier amplitude ratios R21, R31 and R41 as a function of log (P ) are shown in Fig. 7 . The plot of the Fourier phase parameters φ21, φ31 and φ41 as a function of log (P ) is shown in Fig. 8 . The dispersion in the φi1 values (i = 2, 3, 4) goes on increasing as we go to higher orders. This is because the uncertainty in the determination of the Fourier phase parameters increases as one goes to higher orders. Fig. 8 illustrates that φ21 and φ31 increase with increasing period. On the contrary, there is no clear trend for φ41 which is accounted for by their large uncertainties.
In Fig. 9 , the estimated errors for R21, R31, and R41 are plotted. The distribution of the errors are similar for all the three Fourier amplitudes. On the other hand, from Fig. 10 we can see that the errors in φ41 are larger than those of φ21 and φ31, whereas, in turn the errors in φ31 are larger than that of φ21. This is expected as the amplitudes for the higher orders become smaller and smaller, it becomes increasingly difficult to derive their phases with high precision. 
DETERMINATION OF PHYSICAL PARAMETERS
One of the major constraints in deriving the physical parameters of RRL stars from I-band data is that most of the empirical relations connecting the Fourier parameters and the physical parameters are derived from the V -band RRL light curves. However, the huge RRab data obtained from various automated surveys and space missions are not limited to the Cousins V -band (Udalski et al. 1997; Woźniak et al. 2004) . It is, therefore, quite natural to look for some interrelations between these parameters obtained from a considerable number of well-sampled light curves, both in the V band as well as any other photometric band like the Iband. In the literature, there are several instances, where the Fourier parameters in different bands are scaled to the corresponding values in the standard V -band in order to make use of the useful empirical relations. For example, the Fourier phase parameter values φ31 for the Northern Sky Variability Survey (NSVS) photometric system were calibrated to the standard Johnson V photometric system using the 55 well observed RRab stars which had the compiled values of φ31 in the V -band (Kinemuchi et al. 2006) . Deb & Singh (2010) Since the I-band light curves of the OGLE catalog have large number of data points as compared to the V -band light curves, the accuracy of the the Fourier parameters and hence the determined physical parameters is expected to be considerably higher. In the following section, we discuss the determination of physical parameters such as metallicities ([F e/H]) and absolute magnitudes (MV ) of RRab stars selected from the OGLE-III catalog for the present study.
[Fe/H] determinations
With the recent surge in the ground based photometric surveys and advent of space missions such as CoRoT and Kepler, an unprecedented pool of highly accurate and precise RRL light curve data has become available. The determination of metallicities of a large number of variable RRL stars from the photometric light curves has been possible through the use of various empirical relations between the metallicity and light curve parameters Sandage 2004; Smolec 2005) . This is a fast and cheaper alternative to the more accurate spectroscopic determinations. Numerous studies in the literature reveal the fact that the parameters determined from these empirical relations may not give consistent results for individual stars when compared with spectroscopic determinations but, nevertheless, prove to be useful when used for large homogeneous samples. For example, in order to examine whether there exists a metallicity gradient along the radial distance from the centre of a galaxy, the photometrically determined metallicities from a large number of RRL stars may provide a clue to the answer. They also allow for a comparative study of metallicities among different clusters/galaxies.
The metallicities of the sample of RRab stars in the present study were determined using the empirical relations available in the literature. These empirical relations predict the period-metallicity relationship through the parameters like amplitude, color, rise time and Fourier phase parameter φ31. These empirical period-metallicity relations were made on the basis of the fact that these light curve parameters vary with the period within the instability strip (Sandage 2004) .
We start with the metallictiy determinations using the relation of Jurcsik & Kovacs (1996, hereafter JK96) . The JK96 [F e/H] − P − φ31 relation is one of the highly used relations for metallicity determinations. However, the relation cannot be applied for the estimation of [F e/H] in peculiar stars, such as Blazhko variables and highly evolved stars. In order to select a clean sample of RRab stars having 'normallooking' light curves, JK96 introduced a compatibility test for identifying 'peculiar' stars quantified by the deviations parameter DF . This is defined as
where F obs is the observed value of a given parameter, F calc is the predicted value from other observed parameters and σF is the corresponding deviation of various correlations as listed in Table 6 of JK96. We have used the compatibility test based on φ31. For the I-band data, we have used a cutoff limit of DF = 5 leaving us with clean sample of 13,095 RRab stars for the determination of [F e/H] and for further analysis.
The empirical relation of JK96 connecting φ31 in the Vband, period P and the metallicity [F e/H] is given by [F e/H]JK = −5.038 − 5.394 P + 1.345 φ31, σ = 0.14. (4) To use this relation, we need to convert the I-band Fourier parameters to those in the V -band. In order to make use of 
The above relation was obtained from a highly accurate set of light curves of 29 RRab variables by Deb & Singh (2010) . The relation exhibits a correlation coefficient of R 2 = 0.912, where R 2 = 1 corresponds to a perfect correlation. It should be noted that the above relation was obtained for the cosine Fourier decomposition. A factor of π has to be added or subtracted in order to convert φ31 from cosine to sine series or vice-versa. The metallicity values obtained from Eqn. 4 is in scale, which can be transformed into the metallicity scale of Zinn & West (1984, hereafter, ZW84) using the relation from Jurcsik (1995):
Using the I-band data and the corresponding metallicity values, Smolec (2005) obtained the following relation involving the period and the phase parameter φ31 using the sine series The above relation given by Eqn. 7 is based on the metallicity scale of , which is converted into the metallicity scale of ZW84 using Eqn. 6. Let the metallicity in this new scale be denoted by [F e/H]II as follows: Alcock et al. (2000) showed that the metallicities of RRab stars are linked to the period P and V -band amplitude of the light through the following empirical relation 
Another estimate of [F e/H] can be obtained from [F e/H] − log P − φ31 relation of Sandage (2004) given by [F e/H]IV = −6.025 − 7.012 log P + 1.411φ31, σ = 0.16.
(11) The above relation is based on the cosine series. The intercept term in this relation has an uncertainty of 0.023, φ31 and log P have respective uncertainties of 0.014 and 0.071. It should be noted that the determined metallicity values using the above relations do not yield the same result on a star-to-star basis. We have fitted a three parameter Gaussian function to each metallicity distribution of the present sample of 13, 095 RRab stars. The following peak values are obtained: < [F e/H]I >= −1.57 ± 0.12 dex, < [F e/H]II >= −1.50 ± 0.12 dex, < [F e/H]III >= −1.67 ± 0.18 dex and < [F e/H]IV >= −1.57 ± 0.20 dex. In the determination of these peak values, a constant bin size of 0.2 dex has been used. Fig. 11 shows the metallicity distribution of 13, 095 RRab stars obtained using the above four empirical relations. A scatter plot of the metallicity values of 13, 095 RRab stars obtained using the Smolec (2005) is shown in Fig. 12 against the metallicity values using the JK96 relations after φ I 31 has been converted into the corresponding φ V 31 Figure 11 . Metallicity distribution of 13, 095 RRab stars selected for the present analysis using the four empirical relations as described in the text. 
Absolute magnitudes and distances
The empirical relation to estimate the absolute magnitudes (MV ) of RRab stars in terms of the period (P ) and the Fourier coefficients (A1 and A3) is given by Kovács & Walker (2001) :
Using the distance modulus of 18.50 mag for the LMC (Freedman et al. 2001 
Here, we use M bol (Sun) = +4.75. The bolometric correction (BCV ) is calculated using the equation (Sandage & Cacciari 1990 )
Once the absolute magnitudes of the RRL stars are obtained, the intensity-weighted mean magnitude (< V >) were used to derive their distance moduli. The values of < V > have been calculated using Eqn. 15 of Deb & Singh (2010) . The values of < I > were calculated following Saha & Hoessel (1990) . Mean values of < I > for each of these groups are 19.07 ± 0.27 mag, 18.83 ± 0.24 mag and 18.22 ± 0.25 mag, whereas the corresponding mean values of < V > are 19.63±0.27 mag, 19.39±0.24 mag and 19.22±0.25 mag, respectively. In order to determine the interstellar extinction AV , we use the following relation (Schlegel et al. 1998 
where the reddening values E(V − I) are calculated from the LMC extinction map based on the OGLE-III RRL stars by Pejcha & Stanek (2009) . Mean distances to each of the three metallicity groups are: 52.25±6.20 kpc (I), 49.36±5.30 kpc (II) and 47.87 ± 5.25 kpc (III). Table 3 shows the various parameters determined for the 13, 095 RRab stars in this study. µ and D represent the distance modulus in mag and distance in kpc, respectively. Fig. 15 shows polar plot of the distance distribution of LMC RRab stars in ecliptic coordinates. The dashed lines are set at distances D = 25, 50, 70 kpc, respectively.
STRUCTURE OF THE LMC
The Cartesian coordinates corresponding to each star can be obtained using the RA(α), Dec(δ) and the distance D in kpc. Let us consider the Cartesian coordinate system (x, y, z) which has the origin at the center of the LMC at (α, δ, D) = (α0, δ0, D0). The z-axis is pointed towards the observer, the x-axis is antiparallel to the α-axis and the yaxis is parallel to the δ-axis. D0 is the distance between the center of the LMC and the observer while D is the observersource distance and (α0, δ0) are the equitorial coordinates of 
The coordinate system of the LMC disk (x ′ , y ′ , z ′ ) is the same as the orthogonal system (x, y, z), except that it is rotated around the z-axis by position angle θ counterclockwise and around the new x-axis by the inclination angle i clockwise. The coordinate transformations can be written as 
The two dimensional density contours of the distribution of the LMC RRab stars are shown in Fig. 16 . The star symbol denotes the location of the centroid of the present sample.
Vertical distribution of the stars
In this section, we study the vertical |z| distribution of the LMC RRab stars. In order to see how the metal poor and metal rich RRab stars are distributed in the vertical, we divide the stars into three metallcity groups, viz, I, II and III as described in section 4.1. We further use a bin size of 1 kpc and count the number of stars falling in each bin. The resulting distribution of metallicity group I (metal rich stars) is shown in Fig. 17 . From the figure, we can see that the stars of this group are mainly distributed upto a distance of ∼ 10 kpc, after which the distribution becomes uniform. The number of metal rich stars lying below z = 10 kpc are 639 (∼ 97.0%) while lying above it are 20 (∼ 3.0%) only, out of a total of 659. On the other hand, the distribution of the RRab stars belonging to metallicity groups II (metal poor) and III (extremely metal poor) are shown in Fig. 18 . Upto a distance of 10 kpc, the number of stars belonging to the groups II and III are 11, 015 and 973, out of a total of 11, 406 and 1030, respectively. These account for 96.57% and 94.47%, respectively of the total. The number of stars in each of these groups decrease with increasing distance from the galactic plane. Also, it can be seen that number of metal poor stars are very large as compared to the metal rich stars within a distance of 10 kpc. It is also found that more than 94% (12, 340) of the total number of RRab stars lie within |z| = 10 kpc. Less than 10% of the RRab stars are located beyond a |z| distance of 10 kpc with majority of them being metal poor ([F e/H] < −1.35 dex). This implies that the RRLs in the LMC belong to two different structures, one with smaller scale height tracing the disk and the other with larger scale height tracing the inner halo of the LMC. Since a majority of the metal poor RRab stars lie within |z| = 10 kpc which traces the disk, we may conclude that the disk of the LMC has been formed much earlier than the extended halo of the LMC. This confirms the findings of Subramaniam & Subramanian (2009) that RRLs in the inner LMC belong to two different populations tracing the disk and the inner halo. The spatial distribution of the LMC RRab stars and their metallicities indicate that the majority of the old and metal-poor LMC field stars lie in a disk and not in a spheroid. Fig. 19 shows the |z| distribution of all RRab stars of the LMC selected in the present study. The radial number density profile of all the RRab stars as a function of galactocentric distance is shown in Fig. 20 . The radial number density profile is obtained by projecting the radial number density of RRabs in concentric rings around the centroid of the LMC.
Inclination angle (i) and position angle of the line of nodes (θ lon )
Once we have the distribution of RRab distances as determined above, we apply the least square plane fitting method and the method of principal axes transformation using the moment of inertia tensor in order to get an estimate of the viewing angles of the LMC. In order to obtain the viewing angles of the LMC disk, viz., the inclination i and position angle of the line of nodes θ lon , the distances are projected on coordinate axes (x, y, z). Once the x, y and z coordinates are obtained using Eqn. 16, we apply a plane fit equation of the form (Nikolaev et al. 2004 )
The fit to zi is obtained as a function of (xi, yi). From the coefficients of the plane fit solution, the inclination (i) and position angle of the line of nodes (θ) can be calculated using the following formula (Nikolaev et al. 2004 )
The plane fitting procedure has been carried out using |z| = 10 kpc (12, 340 RRab stars), taken as the boundary of the LMC disk obtained from the vertical z distribution of the metal rich RRab stars. The values obtained for the LMC disk are i = 36
• .43 and θ lon = 149
• .08. Now, we model the observed population of the RRab stars in LMC by a triaxial ellipsoid upto a |z| distance of 10 kpc. The properties of the ellipsoid can be obtained from the moment of inertia tensor using the principal axes transformation. In order to apply the principal axes transformation, we first construct the covariance matrix (inertia tensor) from the [x(i), y(i), z(i), i = 1, . . . , N ] distribution of the RRab stars. To construct the covariance matrix, we first determine the centroid of the distribution using Karnesky et al.
and then construct the covariance matrix called the moment of inertia tensor as (Karnesky et al. 2007; Huang 2011 )
where Ixx = Θyy + Θzz,
When the axes of the coordinate frame (x, y, z) are selected such that Ixy = Ixz = Iyz = 0, we have the principal axes of inertia of the system. The corresponding moments of inertia Ixx, Iyy, and Izz are the principal moments of inertia (Huang 2011) . It can be seen that the covariance matrix I is real and symmetric. Let the matrix I have the eigenvalues (λ1 > λ2 > λ3) and { e ′ 1 , e ′ 2 , e ′ 3 } be the corresponding eigenvectors normalized to unity. In order to obtain the principal axes of the coordinate frame, we need to diagonalize the symmetric covariance matrix. The eigenvectors of the matrix I can be used to form another matrix T such that the matrix T (Press et al. 2002; Tang 2006) . The diagonalization
yields
The three eigenvalues (λ1 > λ2 > λ3) correspond to nonzero diagonal terms of the inertia tensor in the new coordinate system and are called the principal moments of inertia of the system. The eigenvectors corresponding to the three eigenvalues represent three orthogonal axes in the new coordinate system and are called the principal axes of the new coordinate system (Press et al. 2002; Tang 2006) . The transformation matrix or the rotation matrix which carries out the transformation T : R 3 → R ′3 is given by
where e = (e1, e2, e3)
T and e ′ = (e 
That is,
where
It may be noted that
The matrix formed from these direction cosines, i.e., the matrix
is called the transformation matrix between { e1, e2, e3} and { e The transformation matrix T describes the spatial directions or the orientation of the ellipsoid with respect to the local coordinate system (x, y, z) (Press et al. 2002; Tang 2006; Karnesky et al. 2007 ).
Applying the above method to the distribution of the RRab stars in the coordinate system, we obtain the eigenvalues λ1 = 14.85, λ2 = 13.46 and λ3 = 2.92. From the transformation matrix, we estimate the inclination angle and position angle of the line of nodes as 24
• .20 and 176
• .01 respectively. The lengths of the semi-axes (Si) of the best-fit ellipsoid are obtained using (Karnesky et al. 2007 )
where S1 > S2 > S3 are the major-axis and two minor axes, respectively. The lengths of the axes are estimated as: S1 = 7.97 kpc, S2 = 3.28 kpc and S3 = 1.96 kpc. The eccentricity of the LMC disk is found to be e = 0.41. The value of the inclination angle as determined from the best-fit ellipsoid in the (x, y)-plane is shown in Fig. 21 . The best-fit ellipsoid to the three-dimensional (x, y, z) distribution is shown in Fig. 22 .
Dependence of viewing angles on the choice of the LMC center
In this section, we study the effect of the choice of the LMC center on the determination of the viewing angles of the LMC disk. The LMC does not have a unique, well-defined viewing angle (van der Marel & Cioni 2001) . Thus, the choice of the LMC center taken as the centroid in this study is to some extent arbitrary. However, we find that this has no influence on the accuracy of the results obtained. It does not lead to statistically different results for the best fitting viewing angles (i, θ lon ). In order to corroborate this fact, we consider the following five choices of the coordinate origin:
(1) optical center, (α0, δ0) = (79 • .91, −69
• .45, J2000) from de Vaucouleurs & Freeman (1972) , (2) • .00, J2000) from Nikolaev et al. (2004) . The parameters estimated using the above centers are listed in Table 4 . We find that there are meagre changes in the bestfitted viewing angles (i, θ lon ) of the LMC disk on the choice of the origin.
Comparison with previous studies
There have been a number of previous studies on the geometrical parameters of the LMC using different tracers. Use of different types of tracers in order to disseminate the geometry yields wide range of values of the LMC disk inclination and the position angle of the line of nodes. As listed in the Table 3 .5 of Westerlund (1997) , the inclination values of the LMC disk range from 27 to 48
• and the position angles of the line of nodes vary from 168 to 208
• depending on the tracers used. The various other determinations of the LMC geometry obtained in the last 10 years are listed in Table 5 .
A substantial number of studies which have attempted to find the viewing angles of the LMC disk using different types of tracers are tabulated in Table 1 of . The inclination values of the LMC disk in most of these studies are consistent with each other within the error bars. But, there is a lot of discrepancy when it comes to the determination of the position angles of the line of nodes. In this study of the LMC using the RRab stars from the OGLE-III database, we found an inclination (i) =24
• .20 and position angle of the line of nodes (θ lon ) = 176
• .01 from the method of principal axes transformation using the moment of inertia tensor. Using different types of tracers in the LMC, Weinberg & Nikolaev (2001) found the inclination of the LMC to the line of sight i = 22 to 29
• and position angle of line of nodes θ lon = 168 to 173
• obtained by fitting each population by two different models: a thin exponential disk and a spherical power-law model. The values of the viewing angles (i, θ lon ) = (24
• .20, 176
• .01) derived here from the principal axes transformation method are consistent with the values of Weinberg & Nikolaev (2001) and the values listed in Westerlund (1997) .
On the other hand, using the simple plane fitting procedure on the same dataset here yields i = 36
• .08. The variation in the values of these geometrical parameters of the the LMC can be attributed to the highly complicated structure of the LMC as well as different methodology adopted in their determinations.
METALLICITY GRADIENT IN THE LMC
The presence of radial metallicity gradient in a galaxy provides clues to the presence of different stellar populations which might be related to its star formation history or to the accretion process by an external system (Bernard et al. 2008) . There are some studies in the literature which hint at the presence of a metallicity gradient in the LMC (Cioni 2009 ists in the LMC (Grocholski et al. 2006; Carrera et al. 2011; Piatti & Geisler 2013) . These studies support the fact that the amount of gradient observed as a function of distance from the LMC center is very small compared to the error bars of the mean metallicity obtained as a function of distance bins from the center (Grocholski et al. 2006; Carrera et al. 2011; Piatti & Geisler 2013) . More recently, an extensive study based on the metallicities obtained from the agemetallicity relation of 21 LMC fields consisting of 5.5 million stars indicates that there exists no metallicity gradient in the LMC (Piatti & Geisler 2013) .
RRL stars provide an unique opportunity to measure the metallicity of old stellar populations and serve as a valuable means to identify the existence of any possible metallicity gradient in a galaxy. In order to examine the question of metallicity gradient in the LMC, we have resorted to the metallicity values of RRab stars obtained here using the four empirical relations as described in the section 4.1 as a function of the galactocentric distances (RGC ). Galactocentric distances were calculated following the method of Cioni (2009) , taking into consideration the viewing angles of the LMC disk: the inclination (i = 24
• .20) and the position angle of the line of modes θ lon = 176
• .01 as determined for RRab stars outlined above using the principal axes transformation method. Angular distances and position angle coordinates of all the RRab stars were computed using the equations given in van der Marel & Cioni (2001) considering the center of the LMC (α2000 = 5 h 21 m 24 s and δ2000 = −69
• 39 ′ ) as origin determined for the present sample. Fig. 23 shows the weighted mean metallicity values computed using different empirical relations as a function of distance in bins of 0.5 kpc from the LMC center (Bevington & Robinson 2003) each distance bin, we have ensured that the number of stars are greater than 10 for reliable statistics. Also, in the calculation of mean metallicity errors, we have taken into account the errors due to the uncertainties in the Fourier parameters and the systematic errors in each of the the empirical relations. These two errors were added quadratically for each star in order to estimate the mean metallicity and its associated error in a distance bin. All the empirical relations for metallicity calculations do not show any significant metallicity gradient within the uncertainties, consistent with the results obtained by Grocholski et al. (2006) , Carrera et al. (2011) , and Piatti & Geisler (2013) , at least in the inner 6 kpc of the LMC. Fig. 24 shows the metallicity map of LMC RRab stars on a rectangular grid. To produce the (x, y)−map , the observed LMC area were binned on a (10 × 10) grid. The average values of the metal- 
SUMMARY AND CONCLUSIONS
In this paper, we have undertaken a careful and systematic study of the RRab stars present in the OGLE-III catalog. The cleaned phased light curves were utilized in order to obtain various Fourier parameters. All the Fourier parameters needed for the analysis of the RRab stars are provided with their errors. Precise selection criteria were employed to get a clean sample of the RRab stars for further analysis. The application of the 'compatibility test' of JK96 based on the calculation of the deviation parameters yields 13, 095 'normallooking' RRab stars. The light curves of these 13,095 RRab stars were analyzed further for determination of their metallicities and distances enabling us to study the structure of the LMC.
The representation of RRab stars on P − φ V 31 diagram clearly shows the existence of three significant metallicity groups with mean metallicities −1.20 ± 0.12 dex, −1.57 ± 0.10 dex and −1.89 ± 0.09 dex. The corresponding absolute magnitudes of these three groups are obtained as 0.70 ± 0.08 mag, 0.59 ± 0.06 mag and 0.49 ± 0.08 mag, respectively. Distribution of these three groups as a function of vertical |z| distance indicates that majority of the stars belonging to each group are concentrated upto ∼ 10 kpc which traces the disk of the LMC. The distribution beyond |z| = 10 kpc suggests the existence of an inner halo of the LMC, where most of the stars are metal poor belonging to groups II and III. Since the majority of the old and metal poor stars (> 91%) are located within |z| = 10 kpc, it may be concluded that the disk of the LMC has been formed much earlier than the extended halo.
The structure of the LMC has been studied using the distance distribution of the 13, 095 RRab stars. The coordinates (α, δ) and the individual distances D of the RRab stars were converted into the Cartesian coordinates with the origin at the LMC center (α0, δ0) and the mean distance to the LMC D0. Approximating the LMC disk as a tri-axial ellipsoid, we have used the principal axes transformation of the moment of inertia tensor obtained from the distribution of the selected sample of RRab stars. The following geometrical parameters have been determined: inclination i = 24
• .20 and position angle of the line of nodes θ lon = 176
• .01. The question of existence of metallicity gradient in the LMC has been studied using the P − AV − [F e/H] empirical relation and the P − φ31 − [F e/H] relations. We did not find any evidence of a radial metallicity gradient in the LMC within the uncertainties of their values. Accurate spectroscopic measurements are needed to confirm findings. The study made use of arxiv.org/archive/astro-ph and NASA ADS databases. The authors thank the anonymous referee for many useful comments and suggestions that significantly improved the paper.
